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SOLDERED HEAT SINK ANCHOR AND METHOD OF USE 

FIELD 

The present invention is directed to ttie field of printed circuit boards. More particularly, the 
present invention is directed to a heat sink anchor for use with a printed circuit board. 

BACKGROUND 

Integrated circuits (ICs) that cannot be adequately cooled by simple exposure of the package 
to ambient air inside the system may employ a mechanism to remove additional heat in order to 
operate properly and meet reliability lifetime requirements. One mechanism is to place a metal heat 
sink with large surface area onto the 10. This increases the surface area exposed to air and increases 
the amount of heat transfenred from the 10, thereby keeping its temperature below the maximum 
allowable. In order to efficiently remove heat, the heat sink is held in firm contact with the 10, or in firm 
contact with a thermal interface material (such as tape or grease) that is in contact with the 10. 

Various mechanisms for securing heat sinks include using thennally conductive adhesive tape, 
and applying an external force to clamp together the 10 and the heat sink. The external force 
mechanisms press down on the heat sink. An opposing upward force can be applied in various ways, 
including pulling up (1) under the bottom of the 10 itself, (2) under the lO's socket (if one is used), and 
(3) under the circuit board to which the 10 Is mounted (regardless of whether or not a socket is used). 

Heat sink mass Is a factor in determining which pull-up mechanism is used. Less massive 
heat sinks can be secured with tape or clamping mechanisms that pull up on the 10 or its socket (if 
used). However, larger heat sinks may require much more clamping force than these mechanisms can 
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provide. This is because more massive parts generate greater separation forces during vibration. 
Larger heat sinks required for higher power devices (such as high speed processors and chipset 
components) may use a mechanism that pulls up on the circuit board. 

One mechanism of pulling up on the circuit board is to manually insert a through hole mount 
5 (THM) anchor into plated through holes (PTHs) in the circuit board, and allow its leads (or legs) to be 
wave soldered when the bottom of the board is passed over a solder wave to mechanically and 
electrically connect all the other THM components to the board. An example of a THM anchor design 
is a heavy wire design in an inverted horseshoe shape, with the wire leads (or tips) inserted into PTHs 
in the board. The curved part of the horseshoe serves as the anchor point to which the heat sink 
1 0 clamping apparatus can be connected or secured. The clamping apparatus applies force in order to 
keep the heat sink in firm contact with the IC under static conditions and under the greater-force 
dynamic conditions of vibration. 

Unfortunately, the static and dynamic vibration-generated forces may cause the solder joint to 
creep, resulting in solder cracks and eventually the failure of the anchor, which causes failure of the 
3 15 clamping mechanism, loss of contact between the heat sink and the IC, and ultimately the failure of the 
IC, the board and the system. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and a better understanding of the present invention will become apparent from 
2 0 the following detailed description of example embodiments and the claims when read in connection 
with the accompanying drawings, all forming a part of the disclosure of this invention. While the 
foregoing and following written and illustrated disclosure focuses on disclosing example embodiments 
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of the invention, it should be clearly understood that the same is by way of illustration and example 
only and that the invention is not limited thereto. 

The following represents brief descriptions of the drawings in which like reference numerals 
represent like elements and wherein: 

FIG. 1 illustrates a heat sink about to be attached by a heat sink clamping apparatus to 
through hole mount anchors; 

FIG. 2 illustrates a through hole mount anchor; 

FIG. 3 illustrates a through hole mount anchor with bent legs after soldering; 

FIG. 4 illustrates a through hole mount anchor according to an example embodiment of the 
present invention; 

FIG. 5 illustrates the through hole mount anchor of FIG. 4 during insertion into a printed circuit 
board according to an example embodiment of the present invention; 

FIG. 6 illustrates the through hole mount anchor of FIG. 4 after insertion into the printed circuit 
board according to an example embodiment of the present invention; 

FIG. 7 illustrates the through hole mount anchor of FIG. 4 after wave soldering according to an 
example embodiment of the present invention; and 

FIG. 8 is a flowchart showing operations for securing a component to a printed circuit board 
according to an example embodiment of the present invention. 



DETAILED DESCRIPTION 

In the following detailed description, like reference numerals and characters may be used to 
designate identical, corresponding or similar components in differing figure drawings. Further, in the 
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detailed description to follow, example embodiments may be described, although the present invention 
is not limited to the same. 

Fig. 1 illustrates one mechanism of coupling a heat sink 30 to a printed circuit board (PCB) 10. 
More specifically, Fig. 1 shows the heat sinl^ 30 that is about to be attached by a clamping apparatus 
5 to through hole mount anchors. In this example, the heat sink 30 is provided on an IC 20 to remove 
heat from the IC 20. The heat sink 30 may be secured to the printed circuit board 10 by use of a 
clamping apparatus 40 and through hole anchors 46. Although Fig. 1 shows use of the clamping 
apparatus 40 and the through hole anchor 46 on more than one side of the heat sink 30, the following 
description will only relate to one side of the apparatus. 
10 The clamping apparatus 40 may include a spring biased arm section 42 that is securely 

£ fastened to the heat sink 30 through any number of well known manners. The clamping apparatus 40 
n i may include a hook section 44 shaped in the form of a hook that will couple to the through hole anchor 

f 1 46. Rather than the hook section 44, the clamping apparatus 40 may include any type of mechanism 

fij to secure the spring biased arm section 42 to the through hole anchor 46. The through hole anchor 46 

v; i i; 

Q 15 includes a loop section 48 to receive the hook section 44 (or other type of connection mechanism), a 
first leg 52 and a second leg 54. The first leg 52 is shown as passing through a first hole of the printed 
circuit board 10 and the second leg 52 is shown as passing through a second hole of the printed circuit 
board 10. Once the first leg 52 and the second leg 54 are provided through the respective holes of the 
printed circuit board 10, then the bottom of the printed circuit board 10 may be wave soldered (or 
20 applied in any other type of well known manners) so as to anchor the through hole anchor 46 to the 
printed circuit board 10. After the solder appropriately hardens, the hook section 44 may be looped 
around or connected to the loop section 48 so as to secure the clamping apparatus 40 to the through 
hole mount 46. This thereby secures the heat sink 30 to the printed circuit board 1 0. 
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Fig. 2 shows the through hole mount anchor 46 shown in Fig. 1. More specifically, Fig. 2 
shows the loop section 48, the first leg 52 and the second leg 54. The first leg 52 is shown as passing 
through a first hole 72 of the printed circuit board 10 and the second leg 54 is shown as passing 
through a second hole 74 of the printed circuit board 10, Fig. 2 further shows a base section 60 that 
5 also may be attached to the anchor 46 so as to prevent the loop section 48 from being pressed down 
too close to the printed circuit board 10. After the first leg 52 and the second leg 54 have passed 
through the first hole 72 and the second hole 74, respectively, then solder 80 may be provided within 
the first hole 72 and the second hole 74 by wave soldering or any other well known method of 
soldering components. However, one problem with this mechanism is that the first leg 52 and the 

10 second leg 54 may pull out from the holes 72 and 74 if sufficient upward force (such as arrow A) is 
applied over time and temperature. 

In order to overcome this and/or other problems, Fig. 3 shows a modified anchor that is 
achieved by bending each of the legs 52 and 54 against a bottom surface of the printed circuit board 
10. This may allow the anchor legs 52 and 54 to bear upward directly on the bottom of the circuit 

15 board 10 thereby reducing the upward force on the solder joints. More specifically, Fig. 3 shows a bent 
section 56 on the first leg 54 and a bent section 58 on the second leg 54. The bent sections 56 and 58 
require additional tooling after the anchor 46 is inserted into the through holes 72, 74 on the printed 
circuit board 10 but before the circuit board 10 is wave soldered. This may require extra labor, extra 
tooling and extra workspace on the production line, which thereby increases the total assembly costs. 

2 0 The additional labor may be avoided by requiring personnel already working on the production line to 
perform the operation. However, this results in reduced line capacity, which also raises the total 
assembly costs. 
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Embodiments of the present invention may provide a through hole mount anchor that provides 
greater resistance to pullout when the board and the heat sink assembly are subjected to vibration or 
pullout force under temperature. White embodiments may be described with respect to securing a heat 
sink to a printed circuit board, the invention is not limited to these components, A greater resistance to 
5 pullout may be achieved by creating a taller wave soldered joint that increases the contact area 
between the anchor and solder. The amount of anti-pullout force that a THM anchor can provide is a 
function of the area of the interface between the anchor lead and the solder. Embodiments of the 
present invention create a much larger solder fillet and therefore a much larger interface area to 
y provide greater resistance to pullout. The anchor may include a solder retention section (hereafter also 
Is 1 0 called a compressible section) that retains a larger volume of solder than the anchor 46 shown in Figs. 
JjJ 1-3. This solder retention section (on the tips of the legs) is an open design (such as a mesh) that 

I compresses as the anchor legs are inserted into the through holes, then expands into a shape (such 

S 

Q as a cone) that may capture additional solder during the wave soldering process. The solder retention 

pj section thereby provides extra anti-pullout force. Accordingly, embodiments of the present invention 

J ^ , . 

O 15 may allow a thraugh mount anchor to resist greater pullout forces without requiring a secondary 
operation on the backside of the printed circuit board prior to wave soldering. 

Fig. 4 illustrates a through hole mount anchor according to an example embodiment of the 
present invention. Other embodiments and configurations of the through hole mount anchor are also 
within the scope of the present invention. More specifically, Fig. 4 shows an anchor 100 that includes 
2 0 a loop section 110, a first leg 120, cone-shaped barbs 125, a second leg 130 and cone-shaped barbs 
135. The cone-shaped barbs 125 are provided at the end (or tip) of the first leg 120 opposite the loop 
section 1 1 0 and the cone-shaped barbs 1 35 are provided at the end (or tip) of the second leg 1 30 
opposite the loop section 110, The cone-shape barbs 125, 135 provide and perform the following: (1) 
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the cone-shaped barbs 125,135 compress as they are inserted into through holes of the printed circuit 
board; (2) the cone-shaped barbs 125, 135 expand after passing through the through holes; and (3) 
the cone-shaped barbs 125, 135 capture and support solder between the tip of the barbs and the 
bottom surface of the printed circuit board. The anchor 100 (including the cone-shaped barbs 125,135) 
may be made of a solderable material such as any type of well-known metal. The cone-shaped barbs 
125, 135 may be integrally formed with the loop section 1 10, the first leg 120 and the second leg 130 
or the cone-shaped barbs 125, 135 may be separately formed and subsequently attached to tips of the 
first leg 120 and the second leg 130. When uncompressed, the cone-shape barbs 125 and 135 
expand to a diameter wider than the expected through holes. The cone-shaped barbs 125 and 135 
compress to a diameter just narrower than the through holes when inserted into the through holes. 

Fig. 5 illustrates the through hole mount anchor 100 as the anchor 100 is being inserted 
through the printed circuit board 10. Fig. 5 clearly shows the cone-shaped barbs 125 being 
compressed by walls of a first through hole 140 while being inserted into the first through hole 140 and 
shows the cone-shaped barbs 135 being compressed by walls of a second through hole 150 while 
being inserted into the second through hole 150. 

After passing through the holes, the cone-shape barbs 125, 135 expand to their 
uncompressed state in which they have a greater width than a diameter of the expected through holes. 
Fig. 6 shows the cone-shaped barbs 125 and 135 expanded to a width greater than the diameter of 
the through holes 140 and 150, respectively. More specifically, a distance B represents a diameter of 
the first through hole 140 and a distance C represents a diameter of the barbs in an uncompressed 
state. The first leg 52 and the second leg 54 as shown are extending below a bottom face 15 of the 
printed circuit board 10 such that a space 145 is provided between the cone-shaped barbs 125 and the 
bottom face 15 of the printed circuit board 10 and a space 155 is provided between the cone-shaped 
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barbs 135 and the bottom face 15 of the printed circuit board. The spaces 145 and 155 may 
subsequently get filled with solder so as to provide a greater length of the solder-to-lead interface. This 
additional solder provides an extra anti-pullout force as compared to disadvantageous arrangements. 
The distance that the legs 52 and 54 extend below the face 15 surface of the printed circuit board 10 
may be based on the position that the base section 60 is secured to the legs 52, 54. 

Fig. 7 illustrates the through mount anchor 100 after being wave soldered according to an 
example embodiment of the present invention. Other types of soldering are also within the scope of 
the present invention. More specifically, Fig. 7 shows solder 160 provided between the cone-shaped 
barbs 125 and the bottom face 15 of the printed circuit board 10 (as well as in the first through hole 
140). Fig. 7 also shows solder 170 provided between the cone-shape barbs 135 and the bottom face 
15 of the printed circuit board 10 (as well as in the second through hole 150). Molten solder from a 
wave soldering process may wick up between the legs 52 and 54 and the walls of the through holes 
140 and 150. Some of the solder may form topside fillets on the top of the printed circuit board 10. 
The solder 160, 1 70 provided between the bottom face 15 of the printed circuit board 10 and the cone- 
shape barbs 125, 135 provides extra anti-pullout force should the anchor mount be subjected to an 
upward force (shown as arrow A). The cone-shape barbs 125 and 135 catch and retain additional 
solder so as to provide more strength to the anchor 100. This thereby provides a much larger solder- 
anchor interface (as measured from the bottom of the base section 60 to the tip of the cone-shape 
barbs 125 and/or 135). 

Fig. 8 is a flowchart 200 showing operations for securing a component (such as an integrated 
circuit) to a printed circuit board according to an example embodiment of the present invention. Other 
embodiments, configurations and orders of operations are also within the scope of the present 
invention. More specifically, in block 202, an anchor may be inserted into a printed circuit board such 
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that a solder retention section (such as a cone-shaped tip) compresses as it passes through a hole in 
the printed circuit board. In block 204, the solder retention section enlarges to an uncompressed state 
after passing through the hole of the printed circuit board. In block 206, the anchor and other 
components may be wave soldered so as to secure them to the printed circuit board. In block 208, a 
heat sink may be placed over the integrated circuit and in block 210 the clamping apparatus may be 
placed on the heat sink. Then, in block 212 the clamping apparatus may be secured to the anchor in 
block 212. 

Accordingly, embodiments of the present invention may provide a barb-shaped tip at the end 
of a through hole mount anchor lead (Fig. 4). The barb shaped tip may be designed to compress 
slightly as the anchor is inserted from one side of the board (Fig. 5) and then to expand slightly when it 
exits the other side of the board (Fig. 6). The barb may be designed to attract and retain a significant 
amount of solder when the board is wave soldered (Fig. 7). An unmodified tip (Fig. 2) may retain a 
nonnal amount of solder in the shape of a fillet whereas the cone-shaped barbs described with respect 
to embodiments of the present invention may produce a taller, wider, cone-shaped solder deposit. This 
may result in a soider-to-anchor-lead interface with a larger surface area. The interface surface area 
may equal a circumference of the anchor lead times a distance from the top of the top fillet (on the top 
of the printed circuit board 10) to the bottom of the bottom fillet. This larger surface area, when 
compared to the unmodified tip, may result in greater pullout force under vibration and temperature. 

The cone-shaped barb tip may be constructed in any number of ways including as an integral 
part of the legs or as a separate part that is attached to the legs. The cone-shaped barb tip may be 
produced by cutting and folding back portions of the leg material. The barbs may be constructed from 
a stamped disk of spring contact material, such as beryllium copper. The center of the disk may be 
attached to the lead tip, and the remainder of the disk may be formed into the fingers of the barb. 
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Other shapes and constructions of the tip are also within the scope of the present invention. 
That is, enobodiments of the present Invention are also applicable to any tip that compresses when 
inserted into a hole, expands after passing through the hole and retains solder in a manner similar to 
that described above so as to retain a greater volume of solder. 

Accordingly, embodiments of the present invention may provide an anchoring mechanism to 
mount to a printed circuit board. The anchoring mechanism may include a loop, a first leg extending 
from the loop and a second leg extending from the leg. The first leg may mount through a first hole of 
the printed circuit board and include a compressible section (or solder retention section) to compress 
when inserted into the first hole and to expand after passing through the first hole. The compressible 
section may support solder between the anchoring mechanism and the first hole. The second leg may 
mount through a second hole of the printed circuit board and include a compressible section {or solder 
retention section) to compress when inserted into the second hole and to expand after passing through 
the second hole. The compressible section may support solder between the anchoring mechanism 
and the second hole. 

Any reference in this specification to "one embodiment", "an embodiment", "example 
embodiment", etc., means that a particular feature, structure, or characteristic described in connection 
with the embodiment is included in at least one embodiment of the invention. The appearances of 
such phrases in various places in the specification are not necessarily all referring to the same 
embodiment. Further, when a particular feature, structure, or characteristic is described in connection 
with any embodiment, it is submitted that it is within the purview of one skilled in the art to effect such 
feature, structure, or characteristic in connection with other ones of the embodiments. Furthermore, for 
ease of understanding, certain method procedures may have been delineated as separate procedures; 
however, these separately delineated procedures should not be construed as necessarily order 
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dependent in their performance. That is, some procedures may be able to be perfomned in an 
alternative ordering, simultaneously, etc. 

Although the present invention has been described with reference to a number of illustrative 
embodiments thereof, it should be understood that numerous other modifications and embodiments 
can be devised by those skilled in the art that will fall within the spirit and scope of the principles of this 
invention. More particularly, reasonable variations and modifications are possible in the component 
parts and/or arrangements of the subject combination arrangement within the scope of the foregoing 
disclosure, the drawings and the appended claims without departing from the spirit of the invention. In 
addition to variations and modifications in the component parts and/or arrangements, alternative uses 
will also be apparent to those skilled in the art. 

What is claimed: 
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